A novel optimization approach to robust deadbeat control is proposed. The design problem is cast into a convex programming task in which a special measure of closed-loop eigenvalue sensitivity is minimized. Advantages of the proposed method include: (I) Global optimality is gualranteed when the solution set is nonempty; (2) Constraints on the feedback gain can be catered naturally; (3) Minimum-gain deadbeat control design can he readily treated.
Introduction
Consider a linear time-invariant MIMO discrete time system xt+i = .Axt + But , t O,1,2,. .
. (1)
where A E Itnx7', B E Rnxq, xt E RnX1, ut E Rqxl.
Assume B is of full column rank while (A, B ) is reachable with reachability indices IC = IC1 L k2 L . . . 1 kq.
By applying a time-invariant state-feedback law
there results the closed-loop system given by
The reachability of ( A , B ) implies that the spectrum of the closed-loop state matrix M Li A + BK can be assigned to any arbitrary set of self-conjugate complex numbers by proper choice of the feedback gain matrix K E Rqxn. It is often desirable to assign the set of closed-loop poles at the origin of the complex plane.
In such case, the closed-loop system exhibits deadbeat characteristics, with which zero-input response of the system dies down to zero in finite time steps. Furthermore, in order for a system under Manimumtame Deadbeat Control (MTDC) , that is, the regulation time to drive every initial state of the closed-loop system to the origin is made shortest, M is made similar to the block-diagonal matrix By observing that M is nilpotent with order of nilpotence equals k ( Mk = 0 ) and generally has a nontrivial Jordan structure, it is especially susceptible to spectral variation as a result of perturbation. As the feedback gain to achieve pole assignment for multi-input systems is in general non-unique, it is particularly meaningful for the non-uniqueness to be exploited in searching for a more robust eigenstructure. with the indices r , s, U , and i being related by
Affine Parametrization of MTDC Feedback Gain
kp is the minimum number of independent free parameters wi in parametrizing K .
Measure of Robustness
Recently, Lam et al. [3] have shown that the spectral norm of M serves as a special measure of eigenvalue sensitivity for deadbeat control systems. In the following, llMll2 and llMllmax denotes respectively the spectral norm and the maximum norm of M ( maximum absolute value of the entries in M ). 
Robust Pole Assignment
The Gain-constrained Robust Deadbeat Pole Assignment (GCRDPA) problem is now formulated as finding a state feedback gain K of constrained size to assign the set of closed-loop poles into the origin of the z-plane and at the same time minimize the sensitivity of the closed-loop zero eigenvalues. The problem is cast into a constrained minimization task: 
